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Whether the appearance of antibody at the site of introduction of antigen 
is  due to  a  local production of antibody, or whether it is  due to  a  local 
accumulation of antibody, requires further elucidation. 
Hektoen  (1)  found  that  after injection of rat  or goat  corpuscles into  the  anterior 
chamber of the eye of dogs, the concentration of specific antibodies was greater in the 
aqueous humor of the injected eye than of the uninjected eye, but in every case it was 
much less than in the blood.  The antibodies appeared earlier in the blood than in the 
aqueous humor.  Injection of goat corpuscles into the pleural cavity of dogs was fol- 
lowed by the  appearance of specific antibodies in  the  blood and in  pleural exudates 
evoked by means of aleuronat.  The concentration in  the pleural exudate was never 
higher  than  in  the  blood.  Hektoen  concluded  that  his  experiments showed  no  evi- 
dence of the local production of antibodies.  By means of injections of undiluted egg 
white into  the  anterior chamber  of the  rabbit's eye, Seegal, Seegal and Khorazo  (2) 
found that precipitins against egg white never appeared in the anterior chamber fluid 
before they appeared in the serum.  46 to 102 days after injection of Bacterium typhosum 
vaccine into the anterior chamber of the  eye of rabbits, Seegal and Seegal (3)  found 
that the agglutinin titre in the tissue juices of the injected eye was higher or equal to 
that in the serum.  The tissue juice was expressed from the conjunctiva, sclera, cornea 
and iris.  Walsh, Sullivan and Cannon  (4) treated rabbits with intranasal insuffiations 
of a  formalized vaccine of Bacterium paratyphosum B.  Insuffiations daily for 11  days 
always gave a  higher titre of agglutinins in  the  extract of nasal mucosa than  in  the 
extracts of lung, liver or spleen.  The titre in the serum was higher than  that of the 
nasal mucosal extract in all save one case.  They concluded that antibodies were formed 
in loco in  nasal mucosa  and  lungs  and  from  there  diffused into  the  blood.  With a 
Bacterium paratyphosum B  vaccine McMaster and Hudack (5) noted that the extracts 
of lymph nodes draining the site of injection of Bacterium paratyphosum B had a higher 
titre  of  agglutinins on  the  7th  day after injection than  the  serum.  Excision of  the 
inoculated ear 3 hours after injection resulted in an agglutinin titre of 1 : 120 on the 9th 
day in the extract of draining lymph nodes, while the serum titre was  1:60.  Cannon 
and  Sullivan  (6)  injected rabbits intradermally with Bacterium paratyphosum B  sus- 
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pension  with reinoculation of the same suspension  into the same area of skin  18 days 
later.  7 days later the twice inoculated skin usually contained a higher concentration 
of agglutinins  than the blood serum.  They concluded that the local injection of antigen 
into previously mobilized histiocytic tissue may lead to the local formation and retention 
of immune bodies in high concentration. 
McMaster and Hudack's well controlled experiment indicates strongly the formation 
of agglutinins  in the lymph nodes.  The work of Cannon and his coworkers suggests 
antibody formation in  the  nasal  mucosa,  lung  and  skin,  while  Seegal's  experiments 
suggest  that  the  tissues  of the eye also  form antibodies.  In general,  all the  above 
experiments suggest antibody formation in any tissue in which antigen is deposited. 
The  gradual  appearance  of  complement  fixing  antibody  in  the  serum 
in response to an injection of heat killed tubercle bacilli was reported by 
Freund and Opie (7).  It was thought that the slow rate of appearance of 
antibody in  the serum,  usually 2  to 3  weeks after injection, might  afford 
greater opportunity to study the appearance of antibody in the local lesion. 
During  the  previous  year  Dr.  Casals, working  in  this  laboratory, had 
injected  heat  killed  tubercle  bacilli  suspended  in  saline  into  the  skin  of 
rabbits.  Extracts of the lesions were made, and out of 57 lesions extracted 
only  seven  lesions,  each  one  in  a  different  animal,  yielded  complement 
fixing antibodies.  Of these, in two instances antibody was demonstrated 
in the lesion when none could be detected in the serum. 
In  the  present  series  of  experiments  paraffin  oil  instead  of saline  was 
employed as a  suspension  medium,  since  Freund,  Casals  and Hosmer  (8) 
have reported that a  suspension of tubercle bacilli in paraffin oil produces 
a  much  greater local reaction and  stimulates  more intense production of 
complement  fixing  antibody. 
Methods 
Male albino  rabbits weighing 2000 to 2500 gm.  were employed in all experiments. 
The Ravenel bovine strain of tubercle bacilli was used, grown on glycerin agar for 4 to 6 
weeks, and then killed in an Arnold steam sterilizer,  dried and suspended  in paraffin 
oil.  Three suspensions of bacilli were made: (a) 0.2 cc. of paraffin oil contained 0.2 mg. 
of dried heat killed bacilli;  (b) 0.2 cc. of paraffin oil contained 0.1 mg. of bacilli;  (c) 0.2 
cc. of paraffin  oil contained 0.05 mg.  of bacilli.  Each rabbit received simultaneous 
intracutaneous injections of 0.2 cc. of each of the above suspensions.  The injections 
were into the skin of the left side of the abdomen, placed 4 to 5 cm. apart.  The animals 
were tuberculin tested with 0.2 cc. of a  1:5 dilution of old tuberculin on the 7th and 
14th days after injection, every 14 days thereafter, also 2 days prior to killing  them. 
2 days previously an intracutaneous injection of 0.2 cc. of paraffin  oil was given,  in 
order to determine if oil added to the tissue extract is able to fix complement in vitro. 
At varying intervals after injection rabbits were sacrificed.  The areas of skin in- 
jected with tubercle bacilli in oil, with old tuberculin, and with paraffin oil were then 
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Spleen,  liver and lung were removed without previous perfusion.  A saline  extract of 
each of these tissues was made.  A weighed sample of each tissue was cut on a freezing 
microtome, set at 20 to 25 ~, and the sections suspended in saline to give a 1 : 5 suspen- 
sion by weight of tissue.  After centrifugalization the sediment was cut on the micro- 
tome, resuspended in the supernatant fluid,  left overnight in the ice box and the clear 
supernatant fluid then removed.  Casals (9) has proved the efficacy of this method of 
extraction. 
A  complement fixation  titration  was performed on  each supernatant  fluid  of the 
tissues listed above.  The titre in the serum was estimated weekly and on the day of 
the  animal's death.  The antigen  was a  suspension  of the  Ravenel bovine strain  of 
tubercle bacilli.  Rabbit sera and  tissue extracts were inactivated for 30 minutes at 
55°C.  This  procedure  gave  a  heavy precipitate  in  the  tissue  extracts,  which  was 
removed by centrifugalization.  This did not alter the titre, but readings were easier 
with a clear extract.  The complement fixation test as described by Freund and Opie (7) 
was then done on the clear extracts and on sera.  Control sera of high titre were used 
to indicate the completion of the reaction, so that titres from week to week could  be 
compared. 
In  order  to  control  any antigen-antibody reaction  in  the  extracts from the  skin 
lesions containing tubercle bacilli,  the extracts were used as antigen in the presence of a 
serum with a high titre.  There was no deviation of complement.  When extracts were 
set up alone, in the absence of antigen there was no complement fixation. 
Injection  of Heat Killed Tubercle Bacilli in Oil into Normal Rabbits 
Experiment /.--For  this  experiment fifteen  rabbits  were  used,  the  animals  being 
killed 4, 7, 11, 14, 16, 21, 35, 49 and 63 days after the injection of heat killed tubercle 
bacilli  in oil. 
The Appearance of Complement Fixing Antibody in the Serum.--Following 
the simultaneous intracutaneous injection of 0.2 rag., 0.1 rag. and 0.05 rag. 
of heat killed tubercle bacilli each in 0.2  cc. paraffin oil, complement fixing 
antibody appeared in the serum (Table I).  With the exception of rabbit 3, 
there  was  no  demonstrable  antibody  in  the  serum  of  eleven  animals  by 
the  7th  day;  by  the  14th  day,  of eight  animals  examined  four  exhibited 
serum antibodies in a  titre of 1:10,  one in a  titre of 1:5; while by the 21st 
day, of seven sera examined there was a  titre of  1:20  in five animals,  the 
other  two showing  titres of 1:10  and  1:5  respectively.  Thus,  the  rate of 
appearance of antibody in the serum varied in different animals, as already 
pointed  out  by Freund  and  Opie  (7).  The  experiment  continued  only  9 
weeks,  during  which  time  the  highest  titre  in  the  serum  of  any  rabbit 
was  1 : 40. 
The Appearance of Complement Fixing Antibody in the Extracts of Tissue 
from the Site  of Injection.--When  rabbits  received  an  intracutaneous  in- 
jection of heat killed tubercle bacilli in oil, complement fixing antibody was 
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TABLE  I 
The Rate of Appearance of Antibody in the Serum 
Rabbit No. 
,0 
Complement fixation titre of serum at intervals after injection (days) 
7  11 
°'So  o 
14  16 
0 
0 
1:10 
1:10  1:20 
1:I0 
0 
1:5 
1:10 
21  35  49  63 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
1:20 
1:20 
1:20 
1:20 
1:5 
1:10 
1:20 
1:20 
1:40 
1:40 
1:40 
1:20 
1:20 
1:40 
1:40 
1:40 
1:40  1:40 
The last titre recorded is that done on the serum obtained on the day the animal 
was killed. 
-- indicates that the serum was not examined. 
TABLE  II 
The Appearance of Antibody in the Extract of Local Lesion 
Complement Fixation Titre  at Time of Death in Extract  of Skin Lesions and in Serum 
Days since injection ..........  4 
Rabbit No ....................  1 
J 
Lesion, 0.2 rag. R(H)*...  0 
Lesion, 0.1 rag. R(H) ....  0 
Lesion, 0.05 rag. R(H)...  0 
Lesion, 0.2 ce. 1:50.T... 
Lesion, 0.2  cc. paraffin 
oil ................... 
Serum ................. 
l 
TI3 
0  1:5 
i 
0  1:5 
0  0 
I 
0  0  0 
o  o  o} 
l 
0  1 0  1:5{ 
14 
0 I1:~ 
0  0 
0  0 
0  0 
0  0 
16  21  28 
7  8  91011 
1:20 1:2011:20 1:80 1:1C 
t:10 1:20 1:10 1:40 1:5 
1:5  1:10 1:1011:1011:5 
0  0  0  0  1:5 
0  0  0  0  1:5 
1:10.1:20L1:20 1:20 1:20 
35  [  49 
i1:10 1:20 1:4C 
1:10 1:20 I:IC 
1:5  1:20 l:lC 
0  0  0 
0  1:10  0 
1:20 1:20 1:4C 
O3 
15 
1:40 
1:20 
1:20 
1:5 
1:5 
1:40 
* R(H)  =  Ravenel bovine strain of tubercle bacillus, heat killed. 
of the lesion produced by injections of 0.2 rag. of bacilli showed no antibody 
on the 7th day in rabbit 2, while that from rabbit 3  exhibited a  1:5  titre. JOB_N  O.  WESTWATER  459 
On and after the 1 lth day, antibody was demonstrated in the extract from 
this lesion in all animals.  There was considerable variation in titre from 
week to week, the highest being 1:80 on the 21st day. 
A similar rate of appearance of antibody in the extract of the lesion re- 
sulting  from injection of 0.1  mg.  of bacilli  was  noted,  the highest  titre 
obtained being 1:40.  In six of nine animals, the maximum titre obtained 
with this quantity was lower than in the extracts of lesions produced by 
injection of 0.2 mg. of bacilli.  Demonstrable antibody appeared somewhat 
more slowly in  the lesions produced by 0.05  mg. of bacilli.  The extract 
of this lesion from rabbit 3, killed on the 7th day, did not show the presence 
TABLE  Ill 
Measurements of Lesions and Old Tuberculin Test on Day of Death 
10 
13 
14 
15 
Time since  "  Rabbit  No.  injection 
days 
i  I  4  I 
7 
11 
14 
16 
21 
35 
49 
63 
Lesion, 
0.2 rag. R(H) 
10X  7X2 
12X  8X3 
22  X  17  X  2 
22  X  13  X  6 
33  X  30  X  2 
Ulcer 5 X  4 
70 X  20  X  3 
67  X  34  X  6 
59  X  30 X  4 
Healed ulcer 
18X5X3 
Ulcer 9  X  5 
Lesion, 
0.i rag. R(H) 
mm, 
10X  6X2 
10 X  10 X  2 
21X20X2 
17  X  12  X  4 
28  X  20  X  3 
Ulcer 2  X  2 
33  X  31  X  3 
33  X  35  X  4 
72  X  22  X  3 
Healed ulcer 
18  X  20  X  2 
Ulcer 7 X  5 
Lesion, 
0.05  rag. R(H) 
6X  8Xl 
10X  4Xl 
17  X  15  X  2 
12  X  13  X  3 
27  X  20  X  3 
Ulcer 
37  X  32  X  3 
33  X  37  X  4 
60  X  28  X  4 
24  X  20  X  3 
48 hrs. old O.T. 
test 
0 
0 
34  X  33  X  1 
62  X  38  X  0.5 
41  X  45  X  2 
42  X  35  X  1 
31X42Xl 
25  X  17  X  2 
41  X  39  X  2 
of antibody, nor did the extracts from rabbits 5 and 6, killed on the 14th 
day.  In rabbit 4, killed on the llth day, the extract gave a  1:5 titre, the 
same titre being obtained in rabbit  7 on the 14th day.  The highest titre 
recorded was  1:20.  Extracts of these lesions from four of nine animals 
showed titres lower than those of extracts from the lesions resulting from 
injection of 0.1 rag. of bacilli, and only one showed a titre equal to that ob- 
tained in the extract from the lesion caused by 0.2 rag. of bacilli. 
The size of the lesions at the time of death is shown in Table III.  In 
general their size and severity varied directly with the size of the inoculating 
dose and the largest lesion in each rabbit usually gave the highest titre in 
the extract.  The size of the lesion per se, irrespective of the rabbit, gave 
no indication of the probable complement fixation titre in the extract. 
Of especial interest is a comparison of the rate of appearance of antibody 460  ANTIBODY  FORMATION  IN  TUBERCULOUS  LESION 
in the lesion extracts and in the serum (Table II).  Lesion extracts from 
three rabbits  (4,  5,  6)  exhibited complement fixing antibody on the  llth 
and 14th days after injection, while none was demonstrated in the serum. 
In animals killed after the 14th day, the titre of the extract of the lesion 
obtained by injection of 0.2 mg. bacilli is equal to the titre of the serum in 
five, higher in two, and lower in two. 
The titre of the extract of the lesion produced by 0.1 rag. of bacilli equals 
that of the serum in three, is higher in one, lower in five, while the extract 
of the lesion from 0.05  mg. of bacilli showed a  titre equal to  that of the 
serum in only one, eight being lower.  Thus in general the titre of comple- 
ment fixing antibody in extracts of lesions varies directly with the amount 
of the inoculating dose.  The titre of the lesion extract is equal to or higher 
than that exhibited by the serum in many cases, especially during the first 
21  days  after injection.  Of  eight  animals  examined during  this  period, 
in  which  complement fixing  antibody  could  be  demonstrated,  the  titre 
of the extract of the lesion produced by 0.2 rag. of bacilli was higher than 
that of the serum in five cases, while in the remaining three the titre was 
the same.  After the 21st  day, the titre was the same in  three animals, 
while in two the serum showed a higher titre. 
Estimation of Antibody Content in Other Tissues.-- 
(a)  Extracts  of  Skin.--The  intracutaneous  injections  of  paraffin  oil 
alone produced only a  slight erythema in the skin.  The extracts of these 
areas of skin showed the presence of antibody in only three rabbits  (11, 
13,  15),  killed on the 28th,  35th  and 63rd  days respectively (Table II). 
In each case the titre was low.  In two of these rabbits  (11 and 15) a low 
antibody titre was found in the extracts of an area of skin in which a positive 
tuberculin test was present.  In all other animals the extract of the lesion 
produced  by  old  tuberculin  showed  no  demonstrable  antibody.  From 
Table III it can be seen that the test with old tuberculin gave a large lesion, 
although  much  smaller  than  that  caused  by  tubercle  bacilli.  Also  the 
former was of 48 hours' duration while the latter varied from 4 to 63 days. 
It  is  conceivable that  the duration of the inflammation is  as important 
as the degree of inflammation in inducing the appearance of antibody in 
a  skin lesion. 
(b)  Extracts  of  Internal  Organs.--Extract  of  spleen  contained  no  de- 
tectable  antibody in  any rabbit.  Extracts of the axillary lymph nodes, 
lung and liver of a  few animals had a  1:5  titre, but in all instances there 
was a  high  titre in  the serum.  The antibody content of the extracts of 
liver and lung may have been due to residual blood in the organs. JOHN  O.  WESTWATER  461 
The Appearance  of Antibody in the Extract of Local Lesion 
Experiment 2.--The reaction  of skin and serum to the injection  of a larger dose of 
heat killed  tubercle  bacilli was investigated in six rabbits.  Two suspensions of heat 
killed Ravenel strain were made: (a) 0.4 ce. of paraffin oil contained 0.8 mg. of dried 
heat killed bacilli;  (b) 0.4 cc. of paraffin oil contained 0.2 rag. of bacilli.  Each rabbit 
received  simultaneous  intracutaneous injections  of 0.4 cc.  of each  of the above  sus- 
pensions.  Animals were killed 7, 9, 11, 14, 16 and 21 days after injection.  The lesions 
were excised and extracted.  Complement  fixation  tests were done on these  extracts 
and on the serum.  Results are recorded in Table IV. 
Both  intracutaneous  lesions  developed  more  rapidly  and  attained  a 
greater size than the lesions in rabbits of Experiment  1.  Ulceration was 
usually present by the  14th day after injection.  Complement fixing anti- 
TABLE  IV 
Complement Fixation Titre at Time of Death in Extract of Skin Lesions and in Serum 
Number of days since injection  ............................. 
Rabbit  No  ................................................. 
Extract of lesion, 0.8 mg. R(H) ................. 
Extract of lesion, 0.2 rag. R(H) ................. 
Extract of lesion,  0.2 cc. O.T  .................. 
Serum ....................................... 
7  9  11 
0  '  0  0 
0  0  0 
0  0  0 
0  0  0 
14  16 
19  20 
1:40  1:80 
1:40  1:80 
0  1:10 
1:10  1:40 
21 
21 
1:20 
1:20 
0 
1:40 
body was not demonstrated in the extracts of skin lesions or in the serum 
until the 14th day after injection, whereas in Experiment 1 the lesions from 
rabbits  killed  on  the  7th  and  llth  days  contained  detectable  antibody. 
A  higher titre in extracts of skin lesions than in serum was again demon- 
strated  (rabbits  19  and 20),  but the increased  titre  of antibody with in- 
creasing doses of antigen observed in Experiment 1 was not found; 0.2 mg. 
of bacilli produced a  maximal antibody reaction in the  skin,  and further 
increase in dose failed to induce a  more rapid formation of  antibody or a 
higher titre  in  the local lesion. 
Injection of tteat Killed Tubercle Bacilli in Paraj~n Oil and of Cod Liver Oil 
into Normal Rabbits 
The  observations  reported  above  show  that  the  extract  of  local  skin 
lesions in the early stage of immunization gives an antibody titre equal to 
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of skin lesion may be due to antibody produced there or to local fixation 
of antibody produced elsewhere.  In order to clarify this point, an attempt 
was made to produce, at the time of injection of heat killed tubercle bacilli 
in  oil,  an  inflammation of the  skin  comparable  to  that  caused  by bacilli 
and  to  determine  if antibodies  were  fixed at  the  site  of this  non-specific 
inflammation.  The  skin  used  in  Experiment  1,  namely,  that  at  the  site 
of the tuberculin test, was acutely inflamed and the inflammation had been 
present for only 48 hours. 
Many  substances,  including  aleuronat,  silicon,  typhoid  vaccine  and 
staphylococcus toxoid, were tested in order to obtain a local reaction similar 
TABLE  V 
Complement  Fixation  Titre at Time of Death in Extract  of Skin Lesions  and in Serum 
Number of days since injection... 
labbit No. 
Extract of lesion, 0.2 rag. R(H) .... 
Extract of lesion, 0.1 rag. R(H) .... 
Extract of lesion, 0.05 rag. R(H)... 
Extract of lesion, 0.2 cc. cod liver 
oil. 
~eruin. 
9  ii  14 
22 
o 
o 
o 
24  26  27 
1:5  1:40  1:10 
0  1:20  1:20 
0  1:40  1:5 
0  0 
0  0 
16 
28 
1:5 
1:5 
1:5 
0 
1:5 
29 
1:5 
1:5 
0 
to that produced by tubercle bacilli in oil.  Eventually cod liver oil, used 
by Hass  (10)  in guinea pigs,  was  chosen. 
Experiment  &--Eight  rabbits  were  inoculated  intracutaneously  with  heat  killed 
tubercle bacilli  in oil, as already described.  At the same  time each animal received 
0.2 cc. of cod liver oil injected intracutaneously.  Animals were killed 9, 11, 14 and 16 
days  after injection;  the  lesions  were  excised  and  extracted.  Complement fixation 
tests were done on these extracts and on the sera.  Results are recorded in Table V. 
The  rate  of appearance  of antibody both in  lesions  and  in  serum  was 
somewhat  slower in this group of animals  than in those of Experiment  1. 
The sera and all extracts from rabbits 22 and 23, killed on the 9th day, did 
not contain any detectable complement fixing antibody, nor did those from 
rabbit  24,  killed  on  the  llth  day.  Results  from the  other five animals, 
however,  demonstrate  again  that  complement  fixing  antibody  can  be 
detected in  the  extracts of the skin lesions produced by tubercle bacilli in JOHN  O.  WESTWATEI~  463 
paraffin oil before it is detectable in  the  serum.  The  extract of the  lesion 
produced by intracutaneous injection of cod liver oil did not contain demon- 
strable antibody in any rabbit. 
Table VI shows the size of these various lesions.  In all cases the lesions 
produced  by cod liver  oil were  smaller  than  those  produced  by tubercle 
bacilli  in  paraffin  oil.  However,  the  inflammatory  changes  were  histo- 
logically  similar  and  were  of  equal  duration.  This  demonstration  of 
complement  fixing  antibody  in  the  specific  lesions  with  none  detectable 
in a  non-specific lesion, or in the serum,  is strong evidence that  antibody 
is produced in the skin at the site of injection of tubercle bacilli in oil. 
TABLE  VI 
Size of Lesions Produced in Skin by Heat Killed Tubercle Bacilli in Para~n Oil, and 
by Cod Liver Oil 
Number  of  days  since 
injection ............... 
Rabbit No ............... 
Lesion, 0.2 mg. R(H) ..... 
Lesion,  0.1  mg. R(H) .... 
Lesion, 0.05  mg. R(H)... 
uesion, 0.2 cc.  cod liver 
oil ..................... 
22 
!ggm. 
34XISX4 
18XI2X2  20XIOXO.5 
20X20X2122X 8X0.5 
25XI6X2 12X 5/0.5 
9  _  23  24  11  14 
25  26  [  27 
lrdr/l.  "".  I  m,,,.  m,,,.  I~ 
22X12X1  11X  9X2  41X22X8  25X28X52?X18X4  i 
]  35X14X6  30X20X4 I  5X  5X0.5  21XI8X4  1 
i  I 
18X  8X1  24X22X6  20X22X2115XIOX2 
12XlOXO.5  41XlSXO.5  20XI4XI  IIXI2XO.5 
16 
28  29 
mm.  mm. 
28X25X6  IOXI2X2 
21X18/4  1IX 8X1 
21X18X4  9X  9X0.5 
18XI2XI  9X  5X0.5 
Injection of Heat Killed Tubercle Bacilli in Paraffin Oil into Sensitized Rabbits 
The  appearance  of antibody in  the  lesion produced by the  reinjection 
of 0.2 mg. of heat killed tubercle bacilli in paraffin oil into a sensitized animal 
was investigated.  It was realized that the histological reaction to reinjec- 
tion  would not  be  the  same  as  that  produced  by primary  injection,  the 
former being chiefly a polymorphonuclear reaction, and the latter a  mono- 
nuclear reaction. 
Experiment 4.--Twelve rabbits  were inoculated  intracutaneously  with  heat  killed 
tubercle bacilli in oil as already described.  21 days later  each animal was reinjected 
intracutaneously  with 0.2 rag. of heat killed tubercle bacilli in 0.2 cc. of oil.  Animals 
were killed at varying intervals after this injection, the methods of investigation being 
the same as previously described.  The results are recorded in Table VII. 
At  the  time  of reinjection  all  the  rabbits  were  sensitive  to  tuberculin, 
while complement fixing antibody was present in  the serum of ten of the 464  ANTIBODY  FORMATION  IN  TUBERCULOUS  LESION 
twelve animals.  Serum tests  made from 3  to  13  days  after  reinjection 
showed a  rise in antibody titre in all save one rabbit.  The serum titres 
in rabbits 40 and 41, of 1:80 and 1:160 respectively, were much higher than 
any  obtained  in  Experiment  1,  with  one  injection.  This  agrees  with 
McCutcheon's  (11)  report  that  in  experimental tuberculosis  circulating 
antibodies promptly developed after reinfection and were conspicuously in 
excess of those found during the course of primary infection. 
TABLE  VII 
Complement Fixation Titre in Extracts of Skin Lesions and in Serum of Sensitized Animals 
Rabbit 
No. 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
Serum 
21 days 
after 1st 
injection 
1:20 
1:5 
1:10 
1:10 
1:40 
0 
1:5 
1:20 
0 
1:10 
1:10 
1:20 
Interval 
at time 
of death 
since 
primary 
injection 
days 
24 
24 
26 
26 
27 
29 
30 
30 
31 
31 
31 
34 
Interval 
at time  l 
of death 
since  re- 
injection] 
days 
3 
3 
5 
5 
6 
8 
9 
9 
10 
10 
10 
13 
Size of reinjection lesion 
at time of death 
35  X  30  X  2 
45  X  24 X  8 
37  X  23  X  7 U 
44X27X7U 
27  X  15  X  2 
44X  18X4HU 
40X20X9 
52  X  32  X  9 
47X16XSHU 
24  X  29  X  5 
22  X  22  X  1 U 
45  X  32  X  5 U 
Complement fixation titre at time of death 
Lesion 
from 
0.2 rag. 
R(H) 
1:40 
1:20 
1:10 
1:10 
1:40 
1:10 
1:20 
1:80 
1:80 
1:20 
1:80 
1:160 
Lesion 
from 
0.1 rag. 
R(H) 
1:20 
1:5 
1:10 
1:10 
1:40 
1:10 
1:10 
1:80 
1:80 
1:20 
1:80 
1:40 
Lesion 
from 
O,O5 rag. 
R(H) 
1:20 
I:5 
I:I0 
I:I0 
1:40 
I:5 
1:20 
1:40 
1:20 
I:I0 
1:40 
1:40 
Re- 
injec- 
tion 
lesion 
0 
0 
0 
0 
1:10 
0 
1:10 
1:10 
1:10 
1:20 
1:40 
1:20 
Serum 
on day 
of  death 
1:40 
1:10 
1:40 
1:40 
1:40 
1:10 
1:20 
1:40 
1:40 
1:20 
1:80 
1:160 
U  =  ulcer. 
H  U  =  healed ulcer. 
The  extracts  of  the  primary lesions  all  contained complement  fixing 
antibody, the titre being 1:10 or higher in most of them.  The tendency 
of the lesion produced by the largest dose of antigen to show the highest 
titre is again evident.  This titre is higher than the serum titre in three 
rabbits,  equal in seven, and lower in two. 
In the rabbits killed on the 3rd, 5th and 8th days after reinjection, the 
extracts of the reinjection lesions contained no detectable antibody (Table 
VII).  The serum of four of these five rabbits contained antibody on the day 
of reinjection, while the  serum titre on the day of death was 1 : 10 in two 
animals and 1:40 in the other three.  The lesion from one rabbit (No. 34), 
killed  on  the  6th  day,  contained  detectable  antibody  (1:10  titre).  In 
six animals killed between the 9th and 13th days after reinjecfion, antibody JOHN  O.  WESTWATER  465 
was  demonstrated in  the  extract  of the reinjection lesion.  These titres 
were lower than those in the serum or in the extract of primary lesions, 
but were higher than those obtained in primary lesions of the same duration, 
recorded in Experiment 1. 
DISCUSSION 
Many studies have demonstrated that after intravenous injection sub- 
stances such as dyes, foreign proteins, antibodies and bacteria accumulate 
in  areas  of inflamed tissue.  Bowman, Winternitz and Evans  (12)  have 
shown, in experimental tuberculosis, that trypan blue injected intravenously 
stains tubercles.  Injection of ferric chloride into tuberculous rabbits was 
followed by deposition of the metal in the tubercle (Menkin, 13).  Menkin 
(14)  also reports that horse serum injected intravenously accumulates at 
the site of inflammation.  Fox  (15)  showed that blood-borne antibodies 
are localized in areas of inflammation.  Such an accumulation of antibody 
may explain the presence of complement fixing antibody, reported above, 
in the skin lesions produced by heat killed tubercle bacilli in paraffin oil. 
However, extracts of these lesions yield a titre equal to or higher than the 
serum titre, while the extract of an acute lesion, such as that elicited by 
tuberculin, yields no demonstrable antibody or a much lower titre.  Despite 
the very acute response which results upon injection of heat killed tubercle 
bacilli into a  sensitized animal, this lesion does not contain demonstrable 
antibody for  approximately 9  days,  a  time  interval  equivalent  to  that 
required  for  a  primary  lesion  to  exhibit  antibody.  Though  the  serum 
contained antibody at the time of reinjection, the inflammation to reinjec- 
tion did not accumulate circulating antibodies.  It is possible that antibody 
formed elsewhere has combined with antigen in the tissues during the first 
few days after reinjection and is not demonstrable locally; but the higher 
titre of antibody after first injection of antigen makes it more probable 
that antibody does not appear in the lesion until the antigenic depot stim- 
ulates local formation. 
The occurrence of local antibody formation is supported by the failure 
to  demonstrate antibody in lesions produced by  cod liver oil,  at  a  time 
when it was demonstrable in the lesions produced by bacilli in paraffin oil. 
These lesions were not strictly comparable because those of cod liver oil 
were  smaller: 
Fox (15) could find no evidence that blood-borne antibodies are localized 
in areas of inflammation induced by specific antigen in greater concentration 
than with non-specific antigen, but in the experiments reported here anti- 
body was demonstrated at the site of injection of the specific antigen but 466  ANTIBODY  FORMATION  IN  TUBERCULOUS  LESION 
was not demonstrable when inflammation was produced by  non-specific 
agents. 
The fact that antibody appears at the local site before it appears in the 
serum suggests the local formation of antibody, with diffusion into the serum 
later.  It may be, however, that during the first 14 days after injection, 
antibody is present in the serum in a  titre too low for estimation, while 
there is withdrawal of antibody from the serum with fixation at the site 
of injection.  The fallacy of this argument is suggested by the slow ap- 
pearance of complement fixing antibody in the lesions produced by the re- 
injection of heat killed bacilli. 
These experiments present  evidence that  complement fixing antibody 
is produced at the site of injection when heat killed tubercle bacilli in oil 
are introduced into the skin.  The data presented do not exclude the pos- 
sibility of antibody formation at sites other than the skin lesions. 
SUMMARY 
Complement fixing antibody in animals injected with heat killed tubercle 
bacilli in oil appears earlier in the lesion at the site of injection than in the 
blood serum. 
Complement fixing antibody in an extract prepared by suspending one 
part by weight of tissue from the local site in five parts of saline is in general 
in higher concentration than in the blood, for a period of approximately 3 
weeks following injection.  After this time the serum may show the higher 
titre. 
The titre of antibody at the site of injection tends to increase with the 
quantity  of heat killed bacilli  injected into  the  skin,  up  to  a  definable 
maximum. 
No evidence was found to support the opinion that local accumulation 
of antibody was  caused by fixation of antibody contained in  the serum 
and produced elsewhere in the body, for extracts of lesions produced by the 
injection of paraffin oil, old tuberculin, and cod liver oil showed no demon- 
strable antibody, or at most a  very low titre, even when the serum titre 
was high.  Mter reinjection of heat killed tubercle bacilli in oil into rabbits 
with antibody in the serum, antibody did not appear in the local lesion any 
earlier than in normal animals similarly injected. 
These observations give evidence that antibody is formed in the skin at the 
site of injection of tubercle bacilli. 
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